Z OOGEOGRAPHY has had a fate very much like taxonomy. It was flourishing during the descriptive period of biological sciences. Its prestige, however, declined rapidly when experimental biology began to come to the foreground. Again as with taxonomy, a new interest in zoogeography has been noticeable in recent years. It seems to me that this revival has had two causes. One is the interest of the student of geographic speciation in the findings of the zoogeographer. A study of past and present distributions yields much information on isolation of populations and on the dispersal of species. It-is in this connection that I became interested in zoogeography.
The other reason is the introduction of new methods. The intensive exploration of all corners of the globe during the past fifty years has led to an accumulation o; sufficient faunistic data to permit the application of statistical methods. Furthermore, the science of ecology has reached a level of maturity at which it is beginning to affect profoundly zoogeographic methods and principles. It seemed worth while to me to study the controversial and still wide open subject of the borderline between the Australian and Oriental Regions with the help of such modern methods.
A. R. Wallace, who is generally considered the foremost representative of classical zoogeography, states in his famous essay On the zoological geography of the Malay Archipelago (1860): "The western and eastern islands of the archipelago belong to regions more distinct and contrasted than any other of the great zoological divisions of the globe. South America and Africa, separated by the Atlantic, do not differ so widely as Asia and Australia." There is much truth, in this statement. Except for bats and a few rodents, the only native mammals of Australia are marsupials and monotremes. These same two groups are entirely lacking in Asia and are replaced by a wide variety of placental mammals, such as monkeys, shrews, squirrels, ungulates, and so forth. An equally pronounced faunal difference exists among birds, insects, and other groups of animals of the two regions.
Australia and Asia are connected by a belt of islands, the Malay Archipelago, and the question naturally comes up as to where in this island region the borderline is to be drawn between these two fundamentally different faunas. After reviewing the zoological evidence known to him, Wallace (l.c.) comes to the following conclusion: "We may consider it established that the Strait of Lombok [between Bali and Lombok] (only 15 miles wide) marks the limit and abruptly separates two of the great zoological regions of the globe." With these words he drew a zoogeographic boundary which was destined to gain fame under the name of its author: "Wallace's Line," a term first used by Huxley (1868) (Fig.' 1) . It runs between Bali and Lombok in the south, then through Makassar Strait between Borneo and Celebes, and finally turns into the open Pacific between Mindanao (Philippines) and the Sanghir Islands. This convenient borderline found quick acceptance in the zoological literature and was without hesitation adopted by nearly all 'the zoogeographers publishing between 1860 and 1890. Sarasin (1901) and Pelseneer (1904) should be consulted for a historical survey of the earlier literature. The echo in the popular literature of this period was even more enthusiastic. A mysterious ljne, only 15 miles wide, that separates marsupials from tigers, and honey eaters and cockatoes from barbets and trogons, could not fail to appeal to the imagination of the layman.
E. Haeckel (1893) outdid all his contemporaries by asserting: "Crossing the narrow but deep Lombok Strait we' go with a single step from the Present Era to the Mesozoicum."
Statements of such exaggeration call for refutation and shortly after 1890 doubts were expressed more and more frequently as to the validity of Wallace's Line, particularly after the distributional facts became better known. Wallace himself was much less positive in his later writings. Since then many writers have insisted that 'Wallace's Line was entirely imaginary (Weber (1902) , Pelseneer (1904) , Mertens (1930) , Brongersma (1936) , and others). Van Kampen (1909) , for example, asserted: "Such a sharp boundary as Wallace drew it does not exist. Not only is there none where he drew it, but no such line exists anywhere in the archipelago." On the other hand, Wallace's Line has been vigorously defended by such serious,authors as Dickerson et al. (1928) , Raven (1935), and Rensch (1936) . Curiously enough most of the writers on this subject seem to be definitely in one or the other camp, either The fauna of the Malay Archipelago was rather poorly known in Wallace's days. Where he knew 20 species of birds, we now know 120; where he knew 5 species of reptiles, we know 40, and so forth. This lack of information caused Wallace to single out what he considered typical representatives of the respective faunas, and to use the borderline of their ranges as zoogeographic boundaries. The tiger, the squirrels and other mammals go as far east as Bali, but are absent from Lombok. Among birds the barbets (Capitonidae) and many other Oriental groups are abruptly brought to a halt by Lpmbok Strait. The Australian honeyeaters (genera Philemon and Meliphaga) and the cockatoe (Cacatua) reach Lombok, but not Bali.' The faunal difference on either side of Makassar Strait is even more striking: A rich Oriental fauna on Borneo and a marsupia'l (Phalanger) on Celebes. It was on the basis of such data that Wallace came to the conclusion that Lombok and Makassar Straits form the boundary between the Oriental and the Australian Regions.
An analysis of the now available extensive faunal lists does not bear out Wallace's conclusion. After eliminating a few widespread species, the fauna of each of the islands of the Malay Archipelago can be divided readily into two groups: One consists of western species, that is, species which are derived from the Oriental Fauna, the other of eastern species, that is, such which are derived from the Australian Fauna. In a few species it is apparent that the genus or the family to which they belong was originally of western origin, but that the particular species arrived in the island belt,frofii, fhe east as a descendant of a group of species that was isolated in Australia at an early date. Such secondarily eastern elements, as Merops ornatus among the birds, are included with the eastern group. The classification of a few species will always remain open to doubt, but a different decision in these cases would change the percentages only slightly and would not basically affect the following figures. A specialist of a given group usually has no difficulties in deciding which species are IndoMalayan and which Australian.
Celebes. Weber (1902) , the Sarasins (1901), de Beaufort (1926) , Stresemann (1939) and other recent authors agree that at least three fourths of the Celebes animals are of western origin. According to Rensch (1936: 252) Table 1 shows. the ratio of the western and the eastern elements 'on a number of islands (the data of reptiles and amphibians are from Mertens, 1930 ; the data on birds are original). Rensch's (1936) careful analysis shows that the Indo-Malayan element prevails numerically as far east as the islands of the Timor group. This is equally true for flying animals (birds and butterflies) and for flightless groups (mammals, land snails).
The figures in "What about the animal life? Is it really as different from that of Lombok, as has been claimed by so many other travellers? Is the small strait between the two islands actually a sharp faunal division? A strait, which even the smallest bird could cross without any difficulties? ... And the difference is indeed quite extraordinary! Much more conspicuous than I would have eyer imagined. As soon as I entered the woods on a sgall native trail a whole chorus of strange bird songs greets me-in fact, among the real songsters there is not a single one with which I was familiar [from the islands east of Wallace's Line].... One surprise follows the other. The very species that are most common on Bali, are absent on the islands to the east. The most characteristic bird of these woods is a green barbet . . . it belongs to the family Capitonidae which is entirely absent oh Lombok! The woodpeckers also, which are represente'd on the islands farther east by a single species only, are found on Bali in five different species. On the other hand I missed a whole number of species of birds which are characteristic for the islands visited previously.. ." (Rensch 1930 ).
An unemotional statistical analysis of the faunal data tends to support Rensch's assertions. The most striking feature of Wallace's Line is that it separates a zone with a rich animal life from a badly impoverished one. Borneo has about 420 species of breeding birds, Celebes only 220. Java has about 340 breeding species, Lombok only 120. It is even more true for freshwater fish: Borneo has 162 species'of the carp family Cyprinidae, Celebes has none; Java has 55 species, Lombok has apparently only a single one. Raven (1935) shows that the Mammalian fauna is equally impoverished. The same is true for the Philippines, their fauna is badly depleted, as compared to that of Borneo and Palawan (Dickerson et al., 1928) .
THEE GEOLOGY OF THE MALAY ARCHIPELAGO
Why the islands Sumatra, Java, Borneo, and Palawan should have a rich animal life, whereas the Philippines, Celebes, and the Lesser Sunda Islands have a poor one, cannot be understood without a study of the geological conditions. The British geologist Earle pointed out, as early as 1845, that geologically the Malay Archipelago consists of three parts, a western one comprising the greater Sunda Islands and the adjoining parts of Asia, which was very stable during the Tertiary, an eastern one consisting of New Guinea and Australia, which was also stable, and an unstable island belt in between. The unstable area, comprising the Philippines, Celebes, the Moluccas, and the Lesser Sunda Islands, has a most complicated geological structure. Deep sea basins, grabens, geosynclines and geanticlines are scrambled together in a bewildering manner. Geologists are still far from agreement in regard to the interpretation of these structures. So much, however, is clear-that this area is highly unstable and that it has seen many and violent changes in the recent past.
Originally, that is in late Mesozoic times, Celebes, the Moluccas, Misol, and western New Guinea, seem to have been situated on the same continental shelf. The fossil marine faunas of the mentioned regions, as well as tectonic features prove this close relationship. In fact, most geologists consider it as well established that Asia and Australia were in broad continental connection up to the very end of the Mesozoic. The Tertiary was a period of very active orogenesis. Part of the Philippines and of northern Celebes seem to have been folded up first. There is some evidence for the existence of additional islands during Eocene and Oligocene, as, for example, in the Timor region, but the exacd position, size and chronology of such islands is unknown. In early Miocene, or according to other authors in very late Oligocene, the crust of the earth seems to have buckled down in a gigantic manner along a line, which is roughly indicated by the west Sumatran Islands, Timor, Kei, Seran, and-Halmahera. The very strong negative anomalies of the gravimetric measurements along this line are according to Vening Meinesz good evidence for the occurrence of such an event. The folding was so violent that it resulted in the widespread overthrusting of older strata over younger ones. The so-called outer Banda arc, consisting of the islands Sumba, Timor, Babber, Timorlaut, Kei, Seran, and Buru was formed along part of this fold. All of these islands are geologically very similar. Slightly later, but still in the Miocene, a second fold was formed consisting of parts of Sumatra and Java, as well as of the so-called inner Banda arc (Bali, Lombok, Sumbawa, Flores, Alor, Wetar, Dammer, and Banda). Most of this fold remained, however, at first submerged under the ocean. In fact, some of the islands may not have emerged until well in the Pleistocene. Later in the Tertiary, particularly in the Pliocene and Pleistocene, extensive fault lines developed which led to the lifting of large blocks (marine terraces in Timor rose 1280 m.!) and the corresponding sinking of other blocks to form flat-bottomed deep sea basins. The geological data indicate that periods of violent tectonic activity have alternated with periods of relative quietness, and the frequency of earthquakes and the continuous volcanic activity in this region reveal that the orogenic movements have not yet completely died down. The writings of Molengraaf (1922) , Umbgrove (1932 Umbgrove ( , 1934 , and Kuenen (1935) should be consulted for further details concerning the geology of this region. Three facts of zoogeographic significance seem to stand out among the geological data: (1) There is no evidence whatsoever for any continental connection between Borneo and Celebes. In fact, the distance between the two islands was, up to the Pleistocene, greater than it is today; (2) Java, Bali, Lombok, and the other islands of the inner Banda arc are situated on the same geanticline; and (3) there is no geological evidence for any cross connections between inner and outer Banda arcs, except possibly between Sumba and Flores.
The first of these three conclusions shows that Makassar Strait is an ancient ocean barrier and that at least this particular part of WTallace's Line is geologically well-founded. Geologists and zoogeographers are in full agreement on this point.
Tertiary-geology supplies, however, no explanation for a faunal difference between Bali and Lombok, a difference which seems to be due to events of a more recent geological past. A considerable quantity of ocean water accumulated in the polar ice caps during the Pleistocene glaciations. It has been calculated that this resulted in a lowering of the sea level of tropical ocean by at least 70 m., but more probably by 150-m. This caused the drying up of all shallow seas and resulted in a considerable extension of land on Sunda and Sahul shelves (see Fig. 1 ). Sumatra, Java, and Borneounited with the Malay Peninsula in the formation of "Sundaland," an extension of the Asiatic mainland and Bali became attached to this continent. Lombok, however, which is separated from Bali by a strait of a depth of 312 m., remained separated, even'though it was fused temporarily with Sumbawa.
The geological background of Wallace's Line is thus as follows: In its central part, between Borneo and Celebes, it follows the edge of the continental Sunda shelf, in the south between Bali and Lombok (and the same is true in the north between Borneo-Palawan and the Philippines) it indicates the eastern edge of the Pleistocene Sundaland. The faunal break, which I have shown to exist along Wallace's Line, appears now in a new light. It is due to the fact that the line separates, on the whole, a continental from an insular fauna. This separation is clear cut in Makassar Strait, but it is rather obscured along the Sunda arc, where the geanticline of the inner Banda arc protrudes from Sundaland like a peninsula. Faunal breaks along this chain of islands occur not only on Lombok Strait, but also on all the other inter-island straits. A number of authors, among whom Mertens (1930) is foremost, have contended, that some of the other straits, as that between Java and Bali, or the one between Sumbawa and Flores, are even more efficient distribution barriers than Lombok Strait. This assertion is in conflict with the above-given findings of Pleistocene geology and it becomes therefore necessary to examine the relative efficiency of these water barriers in more detail.
THE EFFICIENCY OF THE WATER BARRIERS BETWEEN THE LESSER SUNDA ISLANDS
The faunal change between Borneo and Celebes is abrupt, but it is much more gradual along the west of Wallace's Line. The number of species of birds on this island chain is as follows: Sumatra about 440; Java, 340; Bali, 166; Lombok, 119; Sumbawa, 123; Flores, 143; and Timor, 137 . In the freshwater fish family Cyprinidae, Sumatra has 115 species, Java, 55; and Lombok only a single one. Of butterflies Sumatra has 334 species; Java, 270 species. Of reptiles Sumatra has 193 species; Java, 136 species (Rensch 1936) . It is obvious from these figures that the animal life of Java is considerably impoverished as compared with that of Sumatra (or Borneo). The reasons for this are not entirely clear, but two factors seem tQ be most important. One is the heavy activity of the Javanese volcanoes, particularly during the Pleistocene, which covered a good part of the island wvith lava and ashes and may have exterminated a number of localized species. The second and more important reason is that Java is less humid and poorer in habitats than Sumatra, also more peripheral and thus less accessible to colonists from the Asiatic mainland. The climatic deterioration, which is already indicated in western Java, accelerates rapidly in the eastern part of the island where in the lowlands true tropical rain forest seems to be largely replaced by monsoon forest. The result is that many of the most characteristic Java elements (including nearly all of the wellknown endemic's) are restricted to western Java. Of the 340 species of Java birds only 245 are found in the eastern half of the island and it is reasonable to believe that some 70 of these species drop out before the eastern tip of Java is reached, leaving only about 170 species for the eastern tip of the island. No natural history survey has ever been made of this section of Java. This is unfortunate because the fauna of a small area of easternmost Java, equivalent in size to Bali, must be compared with the Bali fauna, if one wants to test the significance ,of Bali Strait as a zoogeographic barrier. It would be entirely misleading to subtract the number of Bali species from the total number of Java species and state that the difference conmprises the species that are unable to cross Bali Strait. This method was actually applied by Mertens (1930) and Brongersma (1936) , who arrived thereby at the erroneous conclusion that Bali Strait was the most important barrier along the Sunda chain.
A faunal change between the western and the eastern end occurs probably not only on Java, but on all elongated islands of the Sunda chain such as Sumbawa, Flores, and Timor. This fact invalidates to some extent the figures on the subsequent calculations, but it is fortunately of minor importance in respect to the small and rather round islands of Bali and Lombok. This is by no means the only difficulty that is encountered in the attempt to determine the relative efficiency of the various straits in the Sunda chain. It happens that there is a gradual but steady change of climate and plant cover from west to east. Each more easterly island is somewhat more arid than its western neighbor and one after the other of the humidity-loving species drops out because the habitat becomes unsuitable and not necessarily because it can not cross the water barrier separating it from the next island.
The effect of six inter-island straits on the distribution of birds is illustrated in Fig. 2 . The top line of figures records the number of eastern species that find the western limit of their ranges on the inter-island straits. Lombok Strait shows the highest figure with 15 species, but, on the whole, the difference between the various straits is rather slight. This is not surprising, since all the eastern species have the ability to jump water barriers and it is probable that the ecological factors on the islands have as much or more to do with the limits of the ranges than age or width of the straits between them. The second row of figures gives the number of breeding species known from each island (the second figure on Java gives the number of species on the eastern half of Java). The third row of figures, and this is the most important one of all, gives the number of western species that are halted by the various straits. The significance of Lombok Strait becomes at once apparent It prevents the passage of 68 (41 per The percentages for the other straits and for a number of other animal groups a're given in Table 2 .
The figures of Table 2 have, of course, only a relative value since the species totals include many species twice, once east and once west of the straits. Still they are valid as indicators of the r,elative efficiency of these straits and of their rank. Many of the smaller islands (Penida, Komodo, Sangeang, Rintja, etc.) are insufficiently explored and have therefore been omitted from the tabulation. Solor, Adonara, Pantar, and Alor have been united as Alor group. In the tabulation of the borders of western species only the easternmost occurrence has been used. This explains a seeming discrepancy of the figures. Flores Strait, for example, stops only 24 of the 143 species on Flores. One would expect the Alor group to have 119 species (143 less 24), but it actually has only 75. The "missing" 44 (119 less 75) species are, however, found on Wetar, Timor, or other more easterly islands, which proves that Flores Strait is not the eastern limit of their range.
The data presented in Fig. 2 and in Table 2 can be summarized as follows: Each of the straits in the Lesser Sunda Islands is a zoogeographic barrier. Lombok Strait, however, is more effective than any of the others. This is apparently due to the fact that this strait persisted throughout the Pleistocene, whereas Bali Strait and Alas Strait dried up at the height of the Pleistocene glaciation. Rensch's data (Table 2) indicate that reptiles, amphibia, butterflies, and land mollusks show similar conditions as birds and it is possible that a more thorough exploration of Bali, Flores, and Alor would make the two sets of data even more similar. Mertens (1930) , for example, who denres that Lombok Strait is a more important barrier than Bali or Sape Straits, bases this claim on a study of the very insufficiently known herpetofauna of Bali. De Beaufort (1026) and other students of freshwater fish are also handicapped in a discussion of this subject, since with few exceptions there are no true freshwater fish east of Lombok Strait. Even Bali has a badly depleted fish fauna. That this island is so poor in freshwater fish is not really surprising, sitice it i?, a volcanic island and has not a single large and only one medium-sized stream. It would be dangerous to base too many conclusions on the distributional data derived from a single group which is so exacting in its ecological requirements as are freshwater fish.
Freshwater fish are useful as negative zoogeographic indicators. The fact that primary freshwater fish (see Myers, 1938 , for a definition of this term) are absent from Seran and Kei indicates, for example, that these islands have had no continental connection with New Guinea. The 1presence of four species of freshwater fish in the Lesser Sunda Islands-Rasbora elberti on Lombok and Sumbawa; Clarias batrachus on Bali, Lombok, and Sumbawa; Aplocheilus javanicus on Lombok; and A. celebensis on Timor-does not necessarily prove continental connections for these, but it casts doubt on the means of dispersal of these species. The slight, or absent, differentiation of these species demands that these islands had a recent continental connection. However, if such had existed one would expect a much richer fish fauna. The transport of fish by water spouts is well substantiated and it is also possible that Lombok Strait had occasionaly a surface sheet of freshwater while it was the outlet for the large streams of Pleistocene Sundaland. It would be dangerous to go too far in such speculations of possible chance dispersal but it is even more dangerous to base sweeping zoogeographic conclusions on the presence of a few species of so-called freshwater fish.
THE EASTERN COUNTERPART OF WALLACE' S LINE
It is obvious that there must be a line at the eastern edge of the island belt which corresponds to Wallace's Line in the west. Such a line would separate the zone of a more or less pure AustraloPapuan mainland fauna from the islands to the west wJith an impoverished Papuan fauna and an Indo-Malayan admixture. This line has been vaguely referred to by Lydekker and other nineteenth cen'tury writers, but I believe de Beaufort (1913) was the first to point out its true significance. It is not difficult to trace since it follows, except for a short stretch in the north, the 100 m. depth line, that is, the edge of that part of the Sahul shelf that was dry land at the height of the Pleistocene glaciation (Fig. 1) . It passes between the Aru Islands, which have a pure Papuan fauna, and the Kei Islands with an impoverished fauna with Oriental elements. Of birds, for example, 166 species are known from the Aru Islands, including birds of paradise and many other typical Papuan types, while only 84 species are known from the Kei Islands, including some western elements. The line then passes between the mainland of New Guinea and Seran Island. There are 115 species of birds (about 30 per cent western) known from Seran as against more than 300 species from the Vogelkop, the neighboring part of New Guinea. The line that separates the Papuan mainland fauna from the island fauna swings from Seran north and passes through the Gilolo passage separating the western Papuan Islands (Waigeu, Batanta, Salwati, and Misol) from the Northern Moluccas. In this section the line does not follow entirely the 100 m. contour, which would exclude Koffiau, Gebe, Batanta, and Waigeu. However, all these islands are so purely Papuan and form such a welldefined faunistic unit that it seems justified to be slightly inconsistent. It might be worth while to emphasize that the line, as just drawn, gives a better defined delimitation of the "Papuan mainland" and "Papuan island" fauna than does Wallace's Line in the west for the Indo-Malayan fauna. Its validity is particularly apparent for all groups with a limited dispersal faculty, for example freshwater fish. De Beaufort's map (1926, p. 103 ) of the range of the subfamily Melanotaeniinae illustrates it quite graphically. This Australian group extends westward as far as the Aru Islands and Waigeu, but is absent from the Kei Islands and from the Northern and Southern Moluccas.
The significance of this eastern line has been emphasized by a number of authors. It indicates, like Wallace's Line, a major faunal break; it sep,-rates, like its western counterpart, a continental from an island zone, as well as a zone with a more or less undiluted Papuan fauna from a mixed PapuanOriental fauna, a contrast which is least apparent in the north. It is for all these reasons that this line must be considered a major zoogeographic boundary.
SHOULD AN INTERMEDIATE ZOOGEOGRAPHIC REGION BE RECOGNIZED?
A gradual transition between the Oriental and, the Australian faunas takes place in the island belt between Wallace's Line and its eastern counterpart. This was realized quite clearly by Salomon Muller (1846) , the earliest zoogeographer of the Malay Archipelago. He lists correctly "Celebes, Flores, Timor, Gilolo and perhaps Mindanao" as islands on which a mixture of Indian and Australian elements is found. Wallace also, in his later publications, admitted the intermediate position of this region and stated of Celebes that it "hardly belongs to either [Oriental or Australian] region." Pelseneer (1904 Pelseneer ( :1007 lists a whole group of workers who recognized the transitional character of this region.
There are other factors, in addition to the lack of continental connection, which contribute toward the poverty of the fauna of this island belt. Salomon Muller (1846) very ably pointed out some of the reasons, such as the small size of most of the islands, their low elevation and their aridity. There is a more or less arid corridor extending from the Philippines and Celebes to Buru and to the Sunda Islands from eastern Java to Timorlaut. This zone has acted as a barrier to many humidityloving forms and has prevented their passage from Sundaland to the Papuan Region or vice versa. Additional reasons for the faunal poverty of this zone are the young geological age of many of the islands, which limits the number of chance colonizations, and the heavy volcanic activity over part of the region. There are three lines of volcanoes in this transition zone, one extending from Sumatra through Java to the inner Banda arc, a second one following the western edge of the northern Moluccas, and a third one reaching from north Celebes through the Sanghir Islands to the Philippines. The volcanic activity is thus strictly localized, but where it occurs it may be a very serious factor indeed. As mentioned, it seems to be one of the reasons why Java's animal life is so much poorer than that of Borneo or Sumatra (Rensch, 1936 ). There are not only 59 young volcanoes of more than 2000 m. altitude on Java, but also many extinct late Tertiary ones. This factor is even more evident on Lombok where heavy Pleistocene eruptions of Mount Rindjani seem to have destroyed much of the mountain fauna. The same is true for the volcano on Ternate Island (Stresemann, 1939:381) .
All the mentioned factors combine to give the fauna of the transition zone a peculiar character. This has impressed some of the authors to such an extent that they have proposed to give formal recognition to this fauna and elevate the island belt to the rank of a separate zoogeographic region or subregion. Dickerson et al. (1928) , who coined the term Wallacea for this region, and Rensch (1936) , who simply calls it Zwischengebiet (region of intermediacy), are the two most recent champions of such an arrangement. This region would include four different groups of islands, (1) the Lesser Sunda Islands from Lombok eastward; (2) the Moluccas and other outliers of the Papuan Region (Tenimber, Kei); (3) the Celebes group (with Sula and Talaut); and (4) the Philippines. Two reasons are usually quoted in favor of recognizing such a transition region. One is, that many endemic species and genera are confined to it. The other reason is, that all of the islands, which are included in this transition zone, are populated by a mixture of Indo-Malayan and Australo-Papuan elements. As against these points which would favor the recognition of a transition region there are some very strong objections. Pelseneer (1904) has stated them clearly. He points out that it is only natural that a zoogeographic border is not a line without width and that by necessity there is a mixture of faunal elements along the border of two zoogeographic regions, caused by a reciprocal penetration.
But if one would admit for this reason a special 'transition region' or a 'region of intermediacy,' one, would obviously double the difficulties of delimitation. For now it would be necessary to trace both of the border lines which separate the transition region from either of the two adjoining zoogeographic regions.
These difficulties of delimitation are fully confirmed by the two most recently proposed transition regions. Dickerson et al. (1928:297) define theirs as follows: "Wallacea is outlined sharply by Wallace's Line (as modified) on the west and Weber's Line upon the east." It thus includes the Philippines, but it excludes the Moluccas, Timorlaut, and Kei Islands. Rensch (1936:265) , however, includes in his Zwischengebiet "Celebes, the Lesser Sunda Islands, Timorlaut (perhaps also Kei), and the Moluccas (at least the southern Moluccas)." He definitely excludes the Philippines. Celebes and the Lesser Sunda Islands are, thus, the only two districts which the two transition regions have in common.
The "degree of intermediacy" of the various sections of the transition region is very uneven. It seems, for example, that the percentage of Australo-Papuan species in the Philippines (which are included in Wallacea by Dickerson and Merrill) is smaller than the percentage of Oriental species in New Guinea or Australia. Still, nobody would want to suggest including Australo-Papua in the transition zone. Stresemann (1939:403) adds another weighty objection. He points out that the transition zone comprises four separate districts which have much less in common with one another than eaph one has with some outside region: The Moluccas are faunistically closest to New Guinea, and Celebes to the Philippines, but the Philippines are closer to Malaysia than to Celebes. The Lesser Sunda Islands, finally, have a close faunal relationship with Java and Australo-Papua, but only a very slight and recent one with Celebes. To unite four such heterogeneous districts in a single "region" violates all principles of regional zoogeography. After all, if a zoogeographic region means anything, it means the home of a more or less homogeneous characteristic fauna. "Wallacea", however, is the home of four different faunas. It is self-evident that the formal recognition of a zoogeographic region of such heterogeneity is neither practical nor scientifically defensible. The term transition zone is justified only if applied informally as a descriptive attribute.
WEBER 'S LINE
It is apparent from the preceding discussion that neither Wallace's Line nor the formal acceptance of a transition zone are satisfactory attempts of delimiting the Oriental against the Australian Region. This leaves, to my mind, only one other alternative solution, namely, the recognition of a line east of Wallace's Line. Before attempting to draft the best possible course of such a line, a few words must be said about the validity of any zoogeographic borderline.
A zoogeographic region is usually defined as a geographic subdivision of the earth that is the home of a peculiar fauna. Such a region is characterized by the presence of manv endemic genera and families and by the absence of the characteristic genera and families of other zoogeographic regions. Its border should be drawn along the line where this specific fauna is replaced by a different fauna. This procedure is logical and presents no difficulties in all the cases where an efficient barrier separates the two regions, such as is formed by the South Atlantic between Africa and South America. However, an intermingling of the two faunas takes place in a border zone whenever two such regions come into direct contact. This is exactly what has happened in the island belt between Asia and Australia. Both the Indo-Malayan and the AustraloPapuan mainland faunas have spilled over into the intermediate island belt and it might seem impossible to delimit in suth a mixed region one fauna from the other one. However, as Pelseneer (1904) says correctly, "it is evident that there must be a line ... within the region of mixture, on one side of which the faunal elements of one region prevail and on the other side those of the second region. This line can serve usefully to mark the borderline between the two biogeographic regions."
On the basis of these considerations Pelseneer established a borderline between the Oriental and the Australian Regions, which he called "Weber's Line." Pe'leneer drew the course of this line owr the basis of non-zoological data, that is, primarily on the soundings and other oceanographic results, of the Siboga Expedition, many of which are no longer valid today. However, Weber's Line actually separates the islands with a more than 50 per cent Indo-Malayan fauna from the islands with. a-more than 50 per cent Papuan fauna, as is evident from Rensch's (1936) careful data and from all the other zoogeographic work of the region. With insignificant modification the line suggested byPelseneer is still acceptable as the best possible borderline between the Oriental and the AustraloPapuan Regions.
The course of Weber's Line (Fig. 1 ) is as follows: In the north it begins between Talaut and Celebes in the west and the northern Moluccas in the east. In this section the line is extremely well defined,, since the fauna of the northern Moluccas consists, of about 80-90 per cent and that of Celebes of about 20-40 per cent Papuan elements. The line continues from here between the Sula Islands in the west and Obi in the east and then swings around Buru. The fauna of the Sula Islands is insufficiently known, but it is close to that of Celebes except much poorer and with a stronger Moluccan, element. Still the Papuan component is probably less than 40 per cent, while it is about 63 per cent on Buru and even higher on Obi. It is difficult to trace Weber's Line from Buru on. Pelseneer attempted to follow the contour of the ocean bottom and this caused him to run the line between Banda ("Indo-malavan") and Seran ("Papuan") and between Sermatta ("Indo-malayan") and Babber ("Papuan"). The much more detailed information on the fauna of these islands, which is now available, indicates that a different course might be preferable. The young volcanic Banda Islands have a fauna which almost completely lacks endemic elements, and which is very close to that of Ambon, Seran, Seranlaut, etc. There is no doubt that the Banda Islands must be included in the southern Moluccas. Babber, on the other hand, has a fauna which is closer to that of Dammer and Sermatta, than to that of Timorlaut. It is, therefore, preferable to place the line between Babber and Timorlaut. Rensch (1926:206) has already pointed out the impossibility of separating Babber from the closely related Sermatta and Dammer. The fauna of Timorlaut is about 62.5 per cent Australo-Papuan. South West Islands, from Roma and Kisar to Dammer and Babber are a faunistic unit, but the progressive decrease of Indo-Malayan elements which started on Java and Bali continues on these-islands. It is possible that a future analysis may show that the eastern element on Babber and Dammer is already slightly more than 50 per cent of the total'fauna of these islands. Even then I would be inclined to retain them in the Oriental Region rather than to draw a line through the middle of the South West Islands.
One glance at the map shows that Weber's Line is situated much closer to the Australo-Papuan than to the Asiatic shelf. The reason for this is twofold, faunal pressure and accessibility. The faunal pressure of the Indo-Malayan fauna is greater than that of the Papuan fauna because it is much richer in species and families. The sphere of influence of this rich fauna will, therefore, extend farther into the island belt than that of the poorer Papuan fauna. The second reason is that the chain of the Lesser Sunda Islands, forming practically a peninsula of Sundaland, was infinitely more easily accessible to colonists from the west than to those from the east, which had to jump the wide gap either from Australia to Timor or from New Guinea (and Aru) to the islands of Banda Sea. The preponderance of Oriental species in the Lesser Sunda Islands would be even more pronounced if ecological factors (aridity) had not favored colonization by Australian elements. These various factors explain the present course of the line of faunal balance, Weber's Line. Wallace's argument that Celebes should be included in the Australian Region because it had so few Oriental species as compared to Borneo, is beside the point. Every true island has, of course, a much impoverished fauna, but its zoogeographic position is deternmined by an analysis of its existing fauna and not by the elements it lacks. With an 80 per cent Oriental fauna Celebes can not be included in the Australian Region! Weber's Line has found curiously few adherents among zoogeographers; Boden Kloss (1929) is one of the exceptions. There is nothing spectacular about this line and by crossing it one encounters a smaller faunal change than is found between Borneo and Celebes, or between New Guinea and Seran, or in general between the "mainland" and the "island" faunas (Fig. 1) . The difference between the faunas of Sula and Buru and of Babber and Timorlaut is, indeed, rather small. Weber's Line is not acceptable to those who look for a strikingly conspicuous borderline between the Oriental and Australian Regions (Rensch, 1926:265) .
Other objections have been raised against Weber's Line. Some authors, for example, have objected to Weber's Line because it separates islands which lie on the same submarine ridges. Thus it cuts between Babber and Timorlaut, between Dammer and Banda, and between Sula and Obi, each of these three pairs of islands lying on the same submarine ridge. It seems to me that this argument is another instance of confusing zoogeographic and geological interpretations, exactly as in the case of continental versus oceanic islands (Mayr, 1941) . The geology of an island, and particularly of an oceanic island, is of no concern whatsoever, when we are attempting to classify its fauna. If the fauna of Seran and Kei is prevailingly Papuan, I shall classify these islands with the Papuan region. The fact that Timorand Sumba with a prevailingly Indo-Malayan fauna lie on the same tectonic arc has absolutely no bearing on this decision. In fact there is no evidence that any of these arcs were ever raised to the extent that they were exposed for their full length, and it is obvious that the undersea geology can have no influence over the distribution of forms that are dispersed across the water.
De Beaufort (1926:184) also rejects 'Weber's Line for a purely geological reason, because "the Moluccas are not the remains of a former greater land mass." This argument is entirely irrelevant, not only since Pelseneer nowhere makes such a claim, but also because the former geological history has a bearing on zoogeographic classification only to the extent to which it influences present day distribution.
I know of only a single valid argument against the adoption of Weber's Line as the boundary between the Australian and the Oriental Regions. It is the objection against dividing arbitrarily any continuous series of values at the halfway point between the extremes. In the case of Weber's Line the situation is aggravated by the fact that the 50:50 balance between the Indo-Malayan and the Australian elements is not always the same in the various taxonomic groups. The bird fauna of Wetar Island, for example, is more than 50 per cent Australo-Papuan, while in other groups the Oriental element seems to prevail. On Celebes about 67 per cent of the birds are of western origin, while among mammals, butterflies, reptiles, amphibians, and land snails it is more than 80 per cent. On the whole it seems as if among reptiles and butterflies the western element pushes farther eastward than among birds and snails. However, taking the fauna as a whole, Weber's Line seems to separate rather neatly the islands with a prevailingly Oriental fauna in the west from the islands with a prevailingly Australo-Papuan fauna in the east. As stated above, the easternmost of the South West Islands (Dammer and Babber) possibly have slightly more than 50 per cent Australo-Papuan elements, but it is inadvisable to separate them from the larger group of islands of which they are an'integral part. Lines of 50:50 balance face even more difficulties on continents than in archipelagos. The line in North America on which the Palearctic and the N,earctic elements balance, would be entirely unsuitable as a zoogeographic boundary. A 50:50 line is, thus, admittedly a more or less arbitrary boundary and may have to be modified in special cases. But it is no-more arbitrary than to accept March 21st as the first day of spring (regardless of the weather!), or the 21st birthday as the day on which an adolescent reaches -seniority. Such rigid divisions are of practical usefulness not only in human affairs, but frequently also in scientific matters. Different faunal regions are generally indicated on zoogeographic maps by different colors. It is obvious that the 50:50 line is the most convenient place where to replace one color by another. It is in this sense that Weber's Line (as modified above) may be accepted as the boundary between the region with a prevailingly Oriental and the region with a prevailingly Australo-Papuan fauna.
UNSOLVED PROBLEMS OF INDO-AUSTRALIAN

ZOOGEOGRAPHY
The conclusions at which I arrived in the present analysis are not final. Many of the islands are insufficiently explored and it is certain that future exploration will add a good deal to our knowledge. A further refinement in the zoogeographic methods is also expected to yield increased results. Salomon Muller, P.L. Sclater, A. R. Wallace, and other early representatives of the classical school of zoogeography selected arbitrarily a number of indicator species and based the outlines of the zoogeographic regions and subregions on the distribution of these species. The preferred technique of the present paper is to calculate in percent the proportion of faunal element in the total number of species of certain localities. All the percentages in Fig. 2 and Table 2 are derived by this method.
In the matter of faunal composition an even superior method might be to determine the faunal relationship of the dominant species of each habitat. It seems, for example, to judge by Rensch's description (see above) that the differences between the dominant species of birds of Bali and Lombok is even more striking than is apparent from a statistical analysis of the total faunas. Such a comparison of the dominant types of local faunas must be based on accurate census data gathered in the field and such data are not yet available. To gather them would be a worth while task of future explorers of the Malay archipelago.
The combination of ecological and zoogeographic methods promises to yield data of considerable interest. It seems, for example, that the faunal composition of each habitat is different. Of the eleven species of birds that are restricted to the mountain forest of Timor (above 4000 feet) only a single one is Papuan, the other ten are IndoMalayan. The ratio is even, if not reversed, among the birds of the tree savanna of Timor. Lack of exact ecological data prevents a more accurate analysis at the present time. Steenis and other botanists have shown that a similar difference of floristic composition exists between different plant associations. Here is a practically untouched field for future investigators.
The delimitation of biogeographic regions depends to a considerable extent on the dispersal faculties and on the nature of the speciation processes of the organisms of which the distribution is studied. It has become evident in recent years that there is much difference between phytogeographic and zoogeographic classifications. The major floristic regions coincide fairly well with the major climatic regions. The major zoogeographic regions, on the other hand, indicate primarily the extent of formerly (or currently) isolated land areas. The biogeographic classification of New Guinea is a good illustration for this. New Guinea is, for the phytogeographer, a part of the Malayan region, but faunistically it is at least as close or even closer to Australia. A comparison of phytogeographic and zoogeographic maps indicates that it is impractical at the present time to construct biogeographic maps, that is, maps that intend to illustrate simultaneously the distribution of plants and of animals. This is equally true, although to a lesser extent, for animal groups with different dispersal faculties. I have already mentioned above the differences between birds and reptiles in regard to the faunal composition of some of the islands. Much more accurate data are needed. It is possible that some of the invertebrates show a distributional pattern that is much more similar to that of plants than to that of mammals or birds. Progress in this field depends largely on a more thorough faunistic exploration of the Indo-Australian Region.
SUMMARY
(1) Wallace's Line is not the boundary between the Indo-Malayan and the Australian Regions, but rather it indicates the edge of the area (Sunda shelf) that was dry at the height of the Pleistocene glaciations.
(2) The equivalent line along the edge of the Sahul Shelf separates New Guinea and the Aru Islands from the Moluccas and Kei Islands.
(3) Weber's Line separates the islands in the west on which the Indo-Malayan element is predominant from the islands in the east on which the Australo-Papuan element has a numerical superiority.
POSTSCRIPT
The results of an important symposium on Wallace's Line and on the zoogeography of the Indo-Australian archipelago (Scrivenor, et al., 1943) have been published after the completion of the present work. These papers contain nothing that would require a major modification of the conclusions at which I have arrived above. However, they contribute a considerable amount of interesting factual data and raise a number of questions which I have not treated. Corbet (op. cit.) shows that Weber's Line, at least in its northern part between Celebes. and the northern Moluccas, constitutes a more pronounced faunal division in several families and genera of butterflies than Wallace's Line in its most effective section (between Borneo and Celebes). Malcolm Smith (op. cit.) comes to the conclusion, on the basis of the distribution of vertebrates, that Weber's Line is preferable to Wallace's Line, if a single borderline between the Oriental and the Australian Regions is to be found. The botanical contributors emphasize the discrepancy between the classification of biogeographic regions of the zoologists and of the botanists. This disagreement is much less striking in regard to the minor divisions.
LIST OF LITERATURE
